In order to optimize the performance of Criminisi algorithm in repairing the large defect area, this paper proposes a digital image restoration model of structural continuity optimization Criminisi algorithm for the shortcomings of the structural connectivity of the damaged image. Firstly, a new priority function is designed to avoid the influence of zero of the confidence item and the data item, and the proportion of the structural component in the region to be repaired is strengthened, and the structural continuity in the repair result is strengthened. And then to improve the repair rate, without affecting the repair results under the premise of a faster search and more comprehensive block matching criteria, search for matching block using the local search, and the use of improved block matching criteria, access ,more reliable matching block at the same time, speed up the repair rate. Finally, the experimental results show that the improved Criminisi algorithm is more effective and faster in repairing large defect areas.
INTRODUCTION
With the development of computer technology, people began to connect the image and the computer together. Many valuable works of calligraphy and painting, files, classic videos, especially the historically significant paintings and murals and so on (Nikolaidis and Pitas, 2001 , Pappas and Pitas, 2000 , Huang et. al, 2010 , Lu and Wang, 2010 could be scanned into the computer in order to be preserved for a long time. However there will be inevitably some scratches or stains for them in the long history of years, such as photos stored for a long time will produce scratches or mildew and film broadcast several times will inevitably produce scratches as well. It will cost a lot of human, material and financial resources and the risk is also very high if the manual repair is done by professionals. People can use the computer technology to do automatically repair which will not damage the original works and can repair the image repeatedly as well. And nowadays the digital image restoration calculation has become an active study area in the field of image. Early restoration algorithms mainly contain two categories, partial differential equation method based on the variation and texture synthesis algorithm based on the sample, and the essence of these algorithms belong to the category of local optimization. Chan and Shen proposed the restoration model based on the total variation (TV) and this model is easier than the BSCB model. They applied the TV model to the image inpainting on the basis of the study of Rudin et al (1994) . The TV model transformed the question of the image inpainting into the question of minimizing the energy functional and applied the method of variation to solve the energy functional (Chan et al, 2001) . Chan and Shen also came up with the curvature-driven diffusions (CDD) model (Chan and Shen) in order to meet the visual connectivity of the repair results of the damaged area. These new models, the Euler's-elastica model proposed by Mumford et al (1994) , the Mumford-Shah model proposed by Tsai et al (2001) and the Mumford-Shah-Euler model proposed by Esedoglu et al (2002) , not only improved the theoretical knowledge based on the repair algorithm of partial differential equations, but also got a better effect. Drori et al (2003) divided the known information of the image into multiple fragments and transformed the scale, displacement, rotation and reflection of these fragments, and then these sample fragments were used to form a training set which had a better effect on the repair of the large damaged area. Criminisi et al (2003) Criminisi proposed a texture synthesis algorithm based on sample, which made the image in painting algorithm based on texture synthesis get a rapid development. Besides, there are also some other repair algorithms such as the image restoration algorithm based on wavelet transformation proposed by Portilla et al. (2000) , the fast marching image restoration algorithm proposed by Telea et al. (2004) , the image restoration algorithm based on radial basis proposed by Savchenko et al. (2002) and the isotropic diffusion repair algorithm based on Gauss filter proposed by Richard et al. (2001) .
Many researchers have begun to focus on the research of image restoration based on global optimization. Sun et al (2005) put forward the image restoration algorithm based on structure diffusion. Ogawa et al (2005) presented a new image restoration algorithm based on GMRF model. Yasuda et al (2005) proposed a new image restoration algorithm based on GGM model and used the BP algorithm to optimize the solution which had a better repair effect on the smooth area. Komodakis et al. (2006) applied the discrete global optimization in the form of energy function to represent the visual effect of image restoration and unlike the previous greedy algorithm, this algorithm used MRF as the mathematical model and also used the BP algorithm to solve the minimum value of the energy function. According to the fuzzy boundary problems led by the point repair based on the MRF model, Sun et al (2009) introduced the user interaction to draw some curves in those important but missing structural part so as to make the complex structural part get the priority repair and the rest was solved by using the MRF model and the BP algorithm. Hsin et al. (2010) proposed a more comprehensive repair algorithm based on Komodakis et al. They used the Canny operator to judge whether there is structural information in the block, and added the structure information to the label of the potential energy to make the structural part of the repair results to maintain better. Moreover, the other scholars have put forward different views. For example, Levin et al (2003) was trying to seek a global optimization algorithm of image restoration based on study and they combined the local statistical characteristics of image inpainting to construct a global energy function and then used the BP algorithm to optimize. This algorithm has a better repair effect on the image boundary.
According to the above defects of the Criminisi algorithm, the improved algorithm was proposed in this paper aiming at the shortage of the original algorithm. First a new priority function was designed in this paper not only avoid the effects of any one in both the confidence level items and data items being zero, but also strengthening the repair of the strong structural region that need to be repaired. Then a more rapid searching approach and a more comprehensive block matching pricinple together with local search and the improved block matching criterion were used to obtain more reliable matching block and speed up the rate of repair at the same time under the premise of not affecting the repair effect in order to improve the repair rate.
THE PRINCIPLE OF THE CRIMINISI ALGORITHM
The Criminisi algorithm was adopted to fill the repaired area by block by block by searching the best matching block of the target block in the known area. For example, q  represented the set of the corresponding matching block of the target block for p  . The Criminisi algorithm would find the best matching block for the current target block in each iteration until all the target blocks were completed their repair process. The Criminisi algorithm would fill the defect area block by block according to a certain order of which the principle was the priority of the point to be repaired. Criminisi thought that the target block containing more known information should be given priority to repair, so he would consider the known information and structural information of p  and q  to compare the priority of the point to be repaired.
Then the priority of the p point was defined as ( )
(3) and ( ) C p is called the confidence level item and is used to weigh the ratio of the known information in the target block p  . In the beginning, initialized ( ) C p is as
in which ( ) D p is the data item, and p I   means the isophote vector (direction and intensity) of the p point and its direction is perpendicular to the gradient vector of the p point and p n is the unit outward normal vector of the boundary of the area to be repaired and  is the normalized factor.
The role of ( ) C p is to ensure that the target block containing more known information is given priority to repair, while the role of ( ) D p is to ensure that the target block containing more structural information is given priority to repair. And the combination of ( ) C p and ( ) D p can lead to a balanced structure and texture matching to achieve a balance point. After determining the target block with the maximum priority, the best matching block of the target block q  was started to search. There is only one matching block in q  ' that could be the best matching block of the p point. Obviously the information of the texture and structure in 2  were similar to that of p  among 1  , 2  and 3  , so the matching of 2  and p  was higher than that of 1  and 3  . In the Criminisi algorithm, the matching criterion between the matching block and the target block was that the texture information of the matching block should be consistent with that of the target block and the matching block was as follows  , the pixel values would be correspondingly copied to the unknown pixel points of p  and the confidences of these points need to be updated according to the following formula ( ) ( ),
. As can be seen from the above formula, the confidence will gradually decrease with the contiue of the repair.
THE DEFECTS OF THE CRIMINISI ALGORITHM

The comparison of the Criminisi algorithm and the TV algorithm
The Criminisi algorithm is a classical algorithm of image restoration algorithm based on texture synthesis. Compared with the partial differential equation method based on the variation, the essential differences between the two algorithms lie in that the TV algorithm and other algorithms are mainly to propagate the known information along the direction of the isophote to the area to be repaired while the Criminisi algorithm is to fill the unknown regions block by block based on the priority level of the point on the boundary to be repaired. The comparison of the experiment results of the Criminisi algorithm and the TV algorithm was showed in Figure 1 and Figure 2 . As can be seen that the repair result of the TV algorithm for the large damaged area was very fuzzy and the boundary between the sea and the beach in Figure 1 (c) had been completely blurred, and the boundary among the sky, the sea and the beach couldn't be distinguished either in Figure 2 (c). However, the Criminisi algorithm using block matching had a better effect than the TV algorithm and the defect region was repaired by selecting the matching blocks with the most similar texture. In summary, Criminisi put forward a repairing algorithm based on the priority by using block filling. The priority function took both the amount and the structure information of the known information in the target block into account so as to better spread the linear structure and the two-dimensional texture to the defect area. This algorithm not only could repair the damaged area of the small scale like the TV algorithm, but also had a good effect on the repair of the large damaged area. And the algorithm in this paper was very simple and effective, and its operation speed was fast as well.
The defects of the Criminisi algorithm
Although the Criminisi algorithm was widely used in the repair of the large defect region, there are still some shortcomings for the Criminisi algorithm with the deep analysis of this algorithm. First it is not very easy to find the most similar matching block most consistent with the human visual characteristics. Secondly although the algorithm can keep the linear structure better, the effect is not very good for some complex structures such as curve structure and so on as shown in Figure 3 . It can be seen from the results of Figure 3 that the repair effect of the Criminisi algorithm is not very good when dealing with some complex structures. There are two main reasons. On the one hand, this algorithm used the multiplication of the confidence level item and the data item to calculate the priority. And from the confidence formula it can be seen that the updating confidence values of the unknown pixels were getting smaller and smaller along with the repair. Besides the value of the data item is very small for the smooth texture. So when any one of the confidence item or the data item was zero, the calculated priority would be zero too. Then the repair couldn't be carried out block by block according to the priority of the node and the program either would not continue to be carried out. On the other hand, the good or bad results of the Criminisi algorithm are also determined by the way and the principle of the target block searching the best matching block. 
THE CRIMINSI ALGORITHM WITH SEQUENTIAL STRUCTURAL OPTIMIZATION
The New Priority Function
In this paper, the Criminisi node priority function was defined as ( ) 0.4 ( ) 0.6 ( ) 9) in which A is the normalization coefficient and is usually 255. As can be seen from the above formula, the intensity of the isophote of this point in the priority function was strengthened in this paper in order to get the better structural consistency. As the equal illumination line vector of the p point was obatined through its gradient vector. However the horizontal gradient operator x G and the vertical gradient operator y G of the original algorithm were 0 0 0
(10) and 0 1 0
(11), respectively.
In this paper, the Sobel operator was used to calculate the gradient and the obtained gradient vector is robust to the noise and the introduction of the template weighting factor was advantageous to obtain the structural information of the repaired area more accurately.The horizontal gradient operator x G in this paper were 1 0 1 2 0 2 1 0 1
and 0 1 0
(13), respectively. The searching of the matching block in the Criminisi algorithm was within the global scope of the whole picture. In this paper, the concept of local search was introduced combined with the ( ) E p value and the search range was limited to a rectangular with p ponit as the centre point and _ ch dist as the chessboard distance without affecting final repair results at the same time. In this paper the best calculation formula of the chessboard distance was _ 100 ( ) / 20 ch dist E p width    (14).
The improvement of the block matching principle
As the ( ) E p ) defined by the formula (9) expressed the strong structure information, the structure information of the target block would be considered too much and on the contrary ignore its color information when searching the best matching block with the local search. Therefore, the template matching was introduced into the color matching in this paper so that the best matching block was more reliable. In order to take into account the effect and efficiency of the repair, the template matching formula was defined as 15) , in which p is the center pixel of the target block, and q is the center pixel of the matching block. If p and q are centered to extract the templates of 5 5  , then ( ) S p and ( ) S q will be the average values of the variance of the RGB color of the two templates, respectively. The size of the template in this paper not only ensured the extracted color information more comprehensive but also took the repair rate into consideration. After finding the best matching blockψ q , the pixel values in the q  were copied to the unknown pixels in the q  correspondingly and then these pixels were updated according to the following formula ( ) ( ), (16) . Obviously, the confidence level of the classical Criminisi algorithm was updated without considering the matching precision between the target block and the best matching block, so the updating method of the confidence level mentioned in this paper was 17) . The confidence level of the unknown pixels depends on the matching precision between the target block and the best matching block, meaning that the more similar the target block and the best matching block are, the greater the ( ) C p is.
THE COMPARISON OF EXPERIMENT RESULTS OF THE IMPROVED CRIMINISI ALGORITHM
The improved Criminisi algorithm introduced the new priority function and used the local search method and the more accurate block matching principle. The improved Criminisi algorithm was also compared with the original algorithm in this paper. The comparison between the experimental results of Figure 1 and Figure 2 indicated that the Criminisi algorithm had a better effect in repairing large defect area. However, it can be seen from Figure 3 that the results of the repair and the structural continuity of the known region were very poor if the damaged region contained a strong structural component and this defect could be clearly seen in Figure 4 (c) . The improved Criminisi algorithm proposed in this paper had a better visual effect and the repaired region was more coordinated with the known texture at the boundary. The advantages of the improved Criminisi algorithm proposed in this paper could be obviously seen from the comparison between Figure 4 Although the Criminisi algorithm could basically complete the repair of the large defect area of the image, the structural continuity of the repair area was still not guaranteed. In this paper, the improved algorithm could keep the structural consistency of the repair area in general and introduced the color matching at the same time in order to make the template matching more effective and the repair effect better. In addition, the repair time was very long because the classical Criminisi algorithm used the global search. And the improved algorithm proposed in this paper applied the local search and under the situation of ensuring the matching block in the search range it accelerated the repair rate. The repair time of the improved Criminisi algorithm and the original algorithm were compared as shown in Table 1 .To sum up, the improved Criminisi algorithm in this paper could get better repair effect and faster speed. 
CONCLUSIONS
According to the size of the damaged area, early digital image restoration algorithm can be divided into the repair of small area damaged image and the repair of large area damaged image. The digital image restoration algorithm has been widely used in many fields. And the ultimate goal of the digital image restoration technology is to ensure that users are not aware that the image hasn't been repaired and the reliability of the repair data and the overall visual effect of the results. In this paper, the experimental results showed that the Criminisi algorithm is better than the TV algorithm in the repair of large defect area. And its shortcomings were found after deeply analyzing the repair principle of the Criminisi algorithm and then the improved algorithm was also proposed according to its defects. At last the experimental results indicated that the improved Criminisi algorithm has better effect an-,.ld faster speed in the repair of large defect area.
